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TESTING FOR OUTPUT CONVERGENCE:
A RE-EXAMINATION
Abstract
This paper investigates output convergence for the G7 countries using
multivariate time series techniques. We consider both the null hypotheses
of no convergence and convergence. It is shown that inferences on output
convergence depend on which one of the two null hypotheses is
considered. Further, the no convergence results reported in previous
studies using the time series definition may be attributed to the low power
of the test procedures being used. Our results also highlight some
potential problems on interpreting results from some typical multivariate
unit root and stationarity tests.
Keywords:  Output convergence, multivariate test, unit root test, stationarity
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Rqh ri wkh pdmru glhuhqfhv ehwzhhq qhrfodvvlfdo dqg hqgrjhqrxv jurzwk prghov
lv wkhlu suhglfwlrqv ri wkh ehkdylru ri qdwlrqdo rxwsxw1 D vwurqj uhvxow iurp wkh
vwdqgdug qhrfodvvlfdo jurzwk prgho +Vrorz/ 4<89> Vzdq/ 4<89, lv wkh frqyhujhqfh
ri shu fdslwd rxwsxw dfurvv frxqwulhv zlwk d vlplodu surgxfwlylw| ohyho/ vdylqjv
udwh/ ghsuhfldwlrq udwh/ surgxfwlylw| jurzwk dqg srsxodwlrq jurzwk1 Lw phdqv
wkdw glhuhqfhv lq qdwlrqdo rxwsxw/ lq wkh shu fdslwd whupv/ duh jrlqj wr glvdsshdu
ryhu wlph1 Wkh hqgrjhqrxv jurzwk prgho +Urphu/ 4<<3> Djklrq dqg Krzlww/ 4<<5>
Jurvvpdq dqg Khospdq/ 4<<4,/ rq wkh rwkhu kdqg/ dvvhuwv wkdw frxqwu|0vshflf
idfwruv sod| d uroh lq ghwhuplqlqj djjuhjdwh lqfrph1 Vlqfh wkh frxqwu|0vshflf
idfwruv fdq hyroyh hqgrjhqrxvo| dffruglqj wr wkh hqylurqphqw xqltxh wr d qdwlrq/
frxqwulhv zlwk glvvlplodu lqlwldo hqgrzphqwv dqg dwwulexwhv fdq kdyh shu fdslwd
rxwsxw qrw frqyhujlqj ryhu wlph1 Wkh glhuhqw ylhzv rq qdwlrqdo rxwsxw kdyh
vsxuuhg frqvlghudeoh lqwhuhvw rq whvwlqj li wkh revhuyhg shu fdslwd rxwsxw gdwd
duh frqyhujlqj ru qrw1 Ydulrxv vwdwlvwlfdo whfkqltxhv dqg vdpsohv rq rxwsxw gdwd
duh xvhg wr hydoxdwh jurzwk wkhrulhv1 Lq wkhlu uhylhz duwlfoh/ Gxuodxi dqg Txdk
+4<<<, srlqw rxw wkdw wkh jurzlqj hpslulfdo olwhudwxuh rq hfrqrplf jurzwk kdv
jhqhudwhg iuhvk vw|ol}hg idfwv rq jurzwk zlwk lpsruwdqw lpsolfdwlrqv iru wkhru|1
Wkh hpslulfdo olwhudwxuh rq rxwsxw frqyhujhqfh kdv xqghujrqh vrph fkdqjhv
lq uhfhqw |hduv1 Pdq| ri wkh hduo| hpslulfdo vwxglhv duh edvhg rq wkh furvv0frxqwu|
dqdo|vlv/ zklfk uhjuhvvhv dyhudjh shu fdslwd rxwsxw jurzwk udwhv rq lqlwldo rxwsxw
ohyhov1 Xvxdoo|/ frqglwlrqlqj yduldeohv vxfk dv hgxfdwlrq dwwdlqphqw/ jryhuqphqw
vshqglqj/ srolwlfdo lqvwdelolw|/ dqg wkh jurzwk udwh ri wkh whupv ri wudgh duh lq0
foxghg lq vxfk dq rxwsxw uhjuhvvlrq htxdwlrq wr frqwuro iru hhfwv ri rwkhu jurzwk
idfwruv +Eduur dqg Vdod0l0Pduwlq/ 4<<8,1 Xqghu wkh frqyhujhqfh k|srwkhvlv/ frxq0
wulhv vwduwlqj zlwk d orz shu fdslwd lqfrph vkrxog kdyh d kljkhu jurzwk udwh1 Wkxv/
dq lqyhuvh uhodwlrqvkls ehwzhhq rxwsxw jurzwk dqg lqlwldo rxwsxw lv lqwhusuhwhg
dv hylghqfh lq idyru ri wkh frqyhujhqfh k|srwkhvlv1 D vdpsoh ri vwxglhv sxuvx0
4lqj wklv phwkrgrorj| lv Edxpro +4<;9,/ GhOrqj +4<;;,/ Eduur +4<<4,/ Eduur dqg
Vdod0l0Pduwlq +4<<5, dqg Pdqnlz hw do1 +4<<5,1 Lq jhqhudo/ wkhvh vwxglhv uhsruw
uhvxowv lq idyru ri frqyhujhqfh1
Krzhyhu/ wkh dssursuldwhqhvv ri wkh furvv0frxqwu| uhjuhvvlrq dssurdfk lv fkdo0
ohqjhg e|/ iru h{dpsoh/ Txdk +4<<6,/ Ehuqdug dqg Gxuodxi +4<<9,/ dqg Hydqv
+4<<:,1 Txdk +bb, vkrzv wkdw d qhjdwlyh fruuhodwlrq ehwzhhq rxwsxw jurzwk
dqg lqlwldo rxwsxw lv frqvlvwhqw zlwk d vwdeoh yduldqfh lq furvv0frxqwu| rxwsxw1
Ehuqdug dqg Gxuodxi +4<<9, dujxh wkdw wkh lqlwldo0rxwsxw uhjuhvvlrq dssurdfk
whqgv wr uhmhfw wkh qxoo k|srwkhvlv ri qr frqyhujhqfh wrr riwhq lq wkh suhvhqfh
ri pxowlsoh rxwsxw htxloleuld1 Hydqv +4<<:, srlqwv rxw wkdw wkh furvv0vhfwlrqdo
dssurdfk pd| jhqhudwh lqfrqvlvwhqw frqyhujhqfh udwh hvwlpdwhv/ zklfk ohdg wr lq0
fruuhfw lqihuhqfhv1 Lqvwhdg/ wkhvh dxwkruv sursrvh wkh xvh ri wlph vhulhv phwkrgv
wr vwxg| wkh lvvxh ri jurzwk g|qdplfv1 Rxwsxw frqyhujhqfh/ xqghu wkh wlph vh0
ulhv iudphzrun/ uhtxluhv wkh furvv0frxqwu| shu fdslwd rxwsxw glhuhqwldov wr eh
vwdwlrqdu|> wkdw lv/ wkh ohyhov ri qdwlrqdo rxwsxw shu fdslwd duh qrw glyhujlqj ryhu
wlph1
W k hh { l v w l q jh y l g h q f hg h u l y h gi u r pw k hw l p hv h u l h vd s s u r d f kl vq r wy h u |i d y r u 0
deoh wr wkh qrwlrq ri frqyhujhqfh1 Ehuqdug dqg Gxuodxi +4<<8,/ xvlqj wkh xqlw
urrw dqg frlqwhjudwlrq whfkqltxhv/ ghwhfw wkh suhvhqfh ri pxowlsoh lqwhjudwhg sur0
fhvvhv gulylqj wkh rxwsxw gdwd ri wkh RHFG frxqwulhv1 Wkh uhvxow lv lqwhusuhwhg dv
qrw vxssruwlyh ri wkh frqyhujhqfh k|srwkhvlv1 Hylghqfh djdlqvw wkh frqyhujhqfh
k|srwkhvlv lv dovr uhsruwhg lq Txdk +4<<5,/ zklfk h{dplqhv wkh xqlw urrw surshuw|
ri shu fdslwd rxwsxw uhodwlyh wr wkh X1V1 gdwd1 Xvlqj d pxowlyduldwh xqlw urrw whvw/
Hydqv +4<<;, vkrzv wkdw frqyhujhqfh rffxuv zlwklq d jurxs ri ghyhorshg frxqwulhv
dqg glhuhqw jurzwk sdwwhuqv duh revhuyhg dprqj frxqwulhv zlwk glhuhqw olwhudf|
udwhv1 Ol dqg Sdshoo +4<<<, frqvlghu d jurxs ri RHFG frxqwulhv dqg wkhlu shu
fdslwd rxwsxw uhodwlyh wr wkh jurxs djjuhjdwh1 Diwhu doorzlqj iru vwuxfwxudo euhdnv
lq wkhlu uhodwlyh shu fdslwd rxwsxw vhulhv/ wkh dxwkruv xqfryhu d vwurqj hylghqfh
ri frqyhujhqfh1
5Frpsduhg zlwk wkh furvv0frxqwu| dqdo|vlv/ wkh wlph vhulhv dssurdfk |lhogv
vrph uhodwlyho| xqfrqylqflqj qglqjv iru wkh frqyhujhqfh k|srwkhvlv1 Rqh srv0
vleoh uhdvrq iru wkh qr0frqyhujhqfh rxwfrph/ krzhyhu/ pd| eh uhodwhg wr wkh
hpslulfdo surfhgxuhv xvhg lq wkhvh vwxglhv1 Wkh w|slfdo wlph vhulhv whvw kdv qr
frqyhujhqfh +xqlw urrw, xqghu wkh qxoo k|srwkhvlv1 Vlqfh lw lv frpprqo| nqrzq
wkdw xqlw urrw whvwv whqg wr kdyh d orz srzhu djdlqvw shuvlvwhqw exw vwdwlrqdu|
dowhuqdwlyhv/ wkh lqdelolw| ri wkhvh vwxglhv wr uhyhdo hylghqfh ri frqyhujhqfh lv qrw
wrr vxusulvlqj1
Lq wklv vwxg|/ zh xvh uhfhqwo| ghyhorshg vwdwlvwlfdo whfkqltxhv wr lqyhvwljdwh
wkh frqyhujhqfh surshuw| ri qdwlrqdo rxwsxw1 Gdwd iurp wkh J: frxqwulhv duh
xvhg1 Wkh vwdwlrqdulw| surshuw| ri wkh orjdulwkplf shu fdslwd rxwsxw uhodwlyh wr
wkh X1V1 lv xvhg wr lqihu frqyhujhqfh1 Gdwd txdolw| kdv vrph ehdulqjv rq wkh
delolw| ri d whvw wr glvwlqjxlvk wkh qxoo iurp wkh dowhuqdwlyh1 Li wkh gdwd duh qrw
lqirupdwlyh hqrxjk wr glvfulplqdwh ehwzhhq wkh frqyhujhqfh dqg qr0frqyhujhqfh
vshflfdwlrqv/ wkhq d vwdwlvwlfdo surfhgxuh zloo qrw uhmhfw hlwkhu wkh qxoo k|srwkhvlv
ri frqyhujhqfh ru qr frqyhujhqfh1 Wr kljkoljkw wkh srzhu lvvxh/ zh frqvlghu
wzr w|shv ri pxowlyduldwh wlph vhulhv whvwv 0 rqh kdv xqlw urrw +qr frqyhujhqfh,
dv wkh qxoo k|srwkhvlv dqg wkh rwkhu kdv vwdwlrqdulw| +frqyhujhqfh, dv wkh qxoo1
Pxowlyduldwh surfhgxuhv duh hpsor|hg ehfdxvh wkhlu delolw| wr uhmhfw d idovh qxoo lv
kljkhu wkdq wkh fruuhvsrqglqj xqlyduldwh surfhgxuhv1 Wkh uhvxowv iurp surfhgxuhv
zlwk glhuhqw vshflfdwlrqv ri wkh qxoo k|srwkhvlv khosv ghwhuplqh wkh xvhixoqhvv
ri wkh gdwd lq whupv ri wkhlu delolw| wr lghqwli| wkh frqyhujhqfh surshuw|1
Lq dqdo|}lqj rxwsxw frqyhujhqfh/ zh frqwuro iru d ihz lvvxhv uhodwhg wr wkh xvh
ri pxowlyduldwh wlph vhulhv surfhgxuhv1 Iluvw/ zh dffrxqw iru wkh hhfw ri furvv0
frxqwu| rxwsxw fruuhodwlrqv rq wkh pxowlyduldwh whvwv1 Wkh vhfrqg lvvxh lv uhodwhg
wr wkh lqwhusuhwdwlrq ri wkh mrlqw k|srwkhvlv frqvlghuhg e| pxowlyduldwh whvwv1 Iru
d w|slfdo pxowlyduldwh surfhgxuh/ wkh uhmhfwlrq ri/ vd|/ wkh qr0frqyhujhqfh qxoo
k|srwkhvlv phdqv wkh uhmhfwlrq ri wkh mrlqw k|srwkhvlv wkdw lqglylgxdo rxwsxw sdluv
duh glyhujhqw1 Krzhyhu/ lw pd| rqo| wdnh frqyhujhqfh lq d vxevhw ri frxqwulhv/
6zklfk lv qrw lghqwlhg e| wkh whvw/ wr rewdlq wkh uhmhfwlrq uhvxow1 Wr dgguhvv
wkh srvvleoh dpeljxlw|/ zh zloo h{dplqh wkh frqyhujhqfh ehkdylru ri lqglylgxdo
frxqwu| sdluv lq d pxowlyduldwh iudphzrun1 Wkh wklug lvvxh lv wkh xvh ri vdpsoh0
vshflf fulwlfdo ydoxhv1 Hyhq wkrxjk wkh vwdwlvwlfdo surfhgxuhv xvxdoo| kdyh zhoo
ghqhg dv|pswrwlf ehkdylru/ wkhlu shuirupdqfh lq qlwh vdpsohv lv txlwh gl!fxow
wr hydoxdwh dqdo|wlfdoo|1 Wr hqvxuh surshu lqihuhqfhv/ zh xvh wkh Prqwh Fduor
phwkrg wr jhqhudwh fulwlfdo ydoxhv iurp duwlfldo gdwd jhqhudwhg dffruglqj wr
sdudphwhuv hvwlpdwhg iurp dfwxdo rxwsxw vhulhv1
Zh ghqh wkh hpslulfdo vshflfdwlrq ri rxwsxw frqyhujhqfh lq wkh qh{w vhfwlrq1
Wkh ghqlwlrq lv vlplodu wr wkh wlph vhulhv yhuvlrq ri frqyhujhqfh lqwurgxfhg lq
Ehuqdug dqg Gxuodxi +4<<9,1 Wkh vwdwlvwlfdo whvwv duh ghvfulehg lq Vhfwlrq 61
Lq wklv vhfwlrq/ zh lqwurgxfh wzr pxowlyduldwh xqlw urrw whvwv +Lp hw do1/ 4<<:>
Wd|oru dqg Vduqr/ 4<<;,/ d pxowlyduldwh iudphzrun wr hydoxdwh wkh frqyhujhqfh
ehkdylru ri lqglylgxdo frxqwu| sdluv +Euhxhu hw do1/4 < < < , /d q gw k hp x o w l y d u l d w h
vwdwlrqdulw| whvwv +Fkrl dqg Dkq/ 4<<<,1 Lq wkh vdph vhfwlrq/ zh dovr ghwdlo
wkh jhqhudwlrq ri wkh vdpsoh0vshflf qlwh vdpsoh fulwlfdo ydoxhv1 Wkh hpslulfdo
uhvxowv duh suhvhqwhg lq Vhfwlrq 71 Wzr vdpsoh shulrgv/ rqh iurp 4<83 wr 4<<5
dqg wkh rwkhu iurp 4;;8 wr 4<<7/ duh frqvlghuhg1 D odujhu vdpsoh vl}h xvxdoo|
hqwdlov ehwwhu lqirupdwlrq1 Lqghhg/ rxu h{huflvh vkrzv wkdw wkh lqirupdwlrq lq wkh
vkruwhu vdpsoh grhv qrw jlyh dq xqhtxlyrfdo lqihuhqfh rq frqyhujhqfh1 Orqjhu
rxwsxw gdwd vhulhv/ krzhyhu/ |lhog xqdpeljxrxv hylghqfh rq rxwsxw frqyhujhqfh1
Vhfwlrq 8 frqwdlqv vrph frqfoxglqj uhpdunv1
5 Hpslulfdo Vshflfdwlrq ri Rxwsxw Frqyhujhqfh
D wlph0vhulhv edvhg dssurdfk wr lqyhvwljdwh rxwsxw frqyhujhqfh kdv ehhq sursrvhg
e| Ehuqdug dqg Gxuodxi +4<<9, dqg Txdk +4<<5,1 Dffruglqj wr Ehuqdug dqg
Gxuodxi +4<<9,/ wkhuh lv rxwsxw frqyhujhqfh ehwzhhq wzr frxqwulhv li wkh orqj0
uxq iruhfdvwv ri wkhlu shu fdslwd rxwsxwv duh wkh vdph1 Li sdluzlvh frqyhujhqfh
7krogv iru doo wkh sdluv ri frxqwulhv xqghu frqvlghudwlrq/ wkhq wkhuh lv frqyhujhqfh
ri doo wkh frxqwulhv vlpxowdqhrxvo|1 Wr pdnh wkh ghqlwlrq rshudwlrqdo/ wlph0
vhulhv frqyhujhqfh lv wdnhq dv d uhtxluhphqw wkdw/ iru wzr frxqwulhv/ wkhlu shu
fdslwd rxwsxw glhuhqwldov duh vwdwlrqdu|1 Lq wklv fdvh/ wkh whvw iru frqyhujhqfh lv
wudqvodwhg wr d whvw iru wkh vwdwlrqdulw| ri rxwsxw glhuhqwldov1
Iru wkh hpslulfdo vwxglhv dgrswlqj wkh qrwlrq ri wlph vhulhv frqyhujhqfh/ wkh|
xvxdoo| whvw wkh qxoo k|srwkhvlv ri qr frqyhujhqfh djdlqvw wkh dowhuqdwlyh ri frqyhu0
jhqfh +Ehuqdug dqg Gxuodxi/ 4<<8> Hydqv/ 4<<;> Ol dqg Sdshoo/ 4<<<,1 Vshflfdoo|/
ohw t￿c| eh wkh +orjdulwkp ri wkh, frxqwu| *v shu fdslwd rxwsxw dw wlph w dqg tWc|
lv wkh rxwsxw yduldeoh ri wkh ehqfkpdun frxqwu|1 Wkh qr0frqyhujhqfh k|srwkhvlv
lv vwdwhg dv
Mf G %￿c|  Et￿c|  tWc|'UE ; ' cc +4,
zkhuh %￿c| lv wkh shu fdslwd rxwsxw ri frxqwu|  uhodwlyh wr wkh ehqfkpdun frxqwu|/
 nlv wkh wrwdo qxpehu ri frxqwulhv lq wkh vdpsoh/ dqg UE ghqrwhv d xqlw urrw
qrqvwdwlrqdu| surfhvv1 Vwdqgdug surfhgxuhv vxfk dv wkh dxjphqwhg Glfnh|0Ixoohu
whvwv duh frpprqo| xvhg wr whvw wkh UE qxoo djdlqvw wkh vwdwlrqdu| dowhuqdwlyh1
Lw lv zhoo nqrzq wkdw wkh vwdqgdug xqlw urrw whvwv kdyh orz srzhu djdlqvw
vwdwlrqdu| exw shuvlvwhqfh dowhuqdwlyhv1 Wkh xvh ri +4, dv wkh qxoo pd| ohdg wr wkh
eldv ri dffhswlqj wkh qr0frqyhujhqfh k|srwkhvlv1 Rqh zd| wr dgguhvv wkh lvvxh lv wr
frqvlghu d glhuhqw qxoo k|srwkhvlv1 Iru lqvwdqfh/ li wkh lqirupdwlrq frqwhqw ri wkh
gdwd lv qrw ulfk hqrxjk wr glhuhqwldwh wkh glhuhqw w|shv ri rxwsxw g|qdplfv/ wkhq
wkh gdwd zloo qrw uhmhfw wkh frqyhujhqfh ru wkh qr0frqyhujhqfh k|srwkhvlv1 Wdnlqj
vwdwlrqdulw| dv wkh qxoo k|srwkhvlv rhuv dq dyhqxh wr fkhfn li wkh dffhswdqfh
ri qr frqyhujhqfh lv gxh wr wkh odfn ri srzhu ru li wkh gdwd dfwxdoo| glvsod|
glyhujlqj g|qdplfv1 Zkhq wkh gdwd rhu d fohdu lqglfdwlrq ri qrqfrqyhujhqfh/
wkh vwdwlrqdu| qxoo k|srwkhvlv zloo eh uhmhfwhg1 Wkh qxoo ri frqyhujhqfh lv jlyhq
e|
Mf G %￿c|  Et￿c|  tWc|'UEf ; ' cc +5,
8zkhuh UEf ghqrwhv d vwdwlrqdu| vwrfkdvwlf surfhvv1
Wkh uhvxowv iurp whvwlqj erwk wkh qrq0vwdwlrqdu| qxoo k|srwkhvlv E dqg wkh
vwdwlrqdu| qxoo k|srwkhvlv E2 rhu vrph frpsohphqwdu| lqirupdwlrq wr hydoxdwh
wkh frpshwlqj k|srwkhvhv1 Zkhq zh idlo wr uhmhfw erwk E dqg E2c wkh gdwd mxvw
gr qrw doorz xv wr vhsdudwh wkhvh wzr w|shv ri frqyhujhqfh g|qdplfv1 Krzhyhu/
li zh uhmhfw E dv wkh qxoo k|srwkhvlv dqg gr qrw uhmhfw E2 dv wkh qxoo/ wkhq wkh
hylghqfh lv lq idyru ri furvv0frxqwu| frqyhujhqfh1 Dowhuqdwlyho|/ d vwurqj hylghqfh
ri qr frqyhujhqfh lv hvwdeolvkhg li wkh qxoo E2 lv uhmhfwhg exw E lv qrw uhmhfwhg1
Wkh h{dplqdwlrq ri erwk wkh qxoo k|srwkhvhv ri vwdwlrqdulw| dqg qrq0vwdwlrqdulw|
surylghv d ohyhohg hog wr hydoxdwh rxwsxw frqyhujhqfh g|qdplfv1 Krzhyhu/ lw grhv
qrw gluhfwo| dgguhvv wkh lvvxh ri wkh whvw srzhu1 Rqh zd| wr h{wudfw pruh lqirupd0
wlrq iurp furvv0frxqwu| gdwd lv wr xvh d pxowlyduldwh surfhgxuh/ zklfk lqfrusrudwhv
lqwhudfwlrqv ehwzhhq gdwd vhulhv1 Lq wklv h{huflvh/ zh hpsor| d ihz pxowlyduldwh
surfhgxuhv wr lpsuryh wkh srzhu shuirupdqfh1 Dqrwkhu zd| wr lpsuryh wkh srzhu
shuirupdqfh lv wr zrun zlwk d orqj gdwd vhulhv1 Wkxv/ lq dgglwlrq wr d srvw0ZZ
LL vdpsoh/ zh h{dplqh d orqjhu klvwru| gdwd vhw wr vhh li lw jlyhv d pruh ghqlwh
frqfoxvlrq rq frqyhujhqfh g|qdplfv1
Rqh lpsruwdqw txdolfdwlrq ri wkh wlph0vhulhv edvhg dssurdfk wr vwxg| frqyhu0
jhqfh lv wkdw wkh gdwd duh jhqhudwhg e| d wlph0lqyduldqw gdwd0jhqhudwlqj surfhvv1
Wkh wlph0lqyduldqw surshuw| uhtxluhv wkh frxqwulhv xqghu lqyhvwljdwlrq wr eh qhdu
wkhlu orqj0uxq htxloleuld vxfk wkdw wudqvlhqw g|qdplfv gr qrw dhfw wkhlu vwhdg|0
vwdwh rxwsxw ehkdylru1 Wkxv/ wkh wlph vhulhv whvw pd| kdyh srru shuirupdqfh
zkhq dssolhg wr d jurxs ri glyhuvh frxqwulhv dw glhuhqw vwdjhv ri hfrqrplf ghyho0
rsphqw1 Wr doohyldwh wkh hhfwv ri wudqvlwlrqdo g|qdplfv rq rxu hpslulfdo uhvxowv/
zh zrun zlwk gdwd iurp wkh J: frxqwulhv1
96 Vwdwlvwlfdo Surfhgxuhv
Lq wklv vhfwlrq/ zh ghvfuleh wkh vwdwlvwlfdo surfhgxuhv xvhg wr hydoxdwh wkh rxwsxw
frqyhujhqfh g|qdplfv1 Zkloh wkh xqlyduldwh xqlw urrw DGI whvw lv d vwdqgdug
whfkqltxh/ wkh uhfhqwo| ghyhorshg pxowlyduldwh vwdwlrqdu|2qrq0vwdwlrqdu| surfh0
gxuhv duh qrw yhu| frpprqo| xwlol}hg lq wklv olwhudwxuh1 Wkxv/ zh surylgh d eulhi
ghvfulswlrq ri wkhvh surfhgxuhv lq wkh iroorzlqj vxevhfwlrq1 Krzhyhu/ uhdghuv
zkr duh pdlqo| lqwhuhvwhg lq wkh hpslulfdo uhvxowv fdq vnls wklv vhfwlrq dqg pryh
gluhfwo| rq wr wkh qh{w rqh1
614 Xqlyduldwh Xqlw Urrw Whvw
Wkh dxjphqwhg Glfnh|0Ixoohu whvw +DGI/ khuhdiwhu, lv dujxdeo| wkh prvw zlgho|
xvhg xqlw urrw whvw lq hfrqrplfv1 Wkh DGI whvw lv dovr frpprqo| xvhg wr lqyhv0
wljdwh wkh vwdwlrqdulw| surshuw| ri lqglylgxdo rxwsxw glhuhqwldo vhulhv1 Wkh whvw
lv edvhg rq wkh uhjuhvvlrq htxdwlrq
{%￿c| ' k￿ n q￿| n K￿cf%￿c|3￿ n
R￿3￿ [
￿’￿
K￿c￿{%￿c|3￿ n 0￿c| | ' ccA +6,
Wkh qxoo k|srwkhvlv ri xqlw urrw qrq0vwdwlrqdulw| lv uhmhfwhg li wkh frh!flhqw K￿cf
lv vljqlfdqwo| ohvv wkdq }hur1 Wkh lqihuhqfh lv edvhg rq wkh xvxdo w0vwdwlvwlf ri
K￿cf/ zklfk kdv d qrq0vwdqgdug glvwulexwlrq1 Wkh Dndlnh lqirupdwlrq fulwhulrq lv
xvhg wr ghwhuplqh wkh odj ohqjwk sdudphwhu R￿1
Wkh whvw surfhgxuh doorzv iru erwk d frqvwdqw dqg d wlph wuhqg1 Wkh suhvhqfh
ri wkh frqvwdqw whup lv wr dffrpprgdwh wkh srvvlelolw| ri sdudooho shu fdslwd rxwsxw
sdwkv/ zklfk Ol dqg Sdshoo +4<<<, odehoohg ghwhuplqlvwlf frqyhujhqfh1 Dv srlqwhg
rxw e| Hydqv +4<<;,/ pdq| lqwhuhvwlqj h{rjhqrxv jurzwk prghov suhglfw wkdw
frxqwulhv kdyh wkh vdph orqj0uxq rxwsxw jurzwk udwh/ zklfk duh ghwhuplqhg e|
whfkqlfdo nqrzohgjh/ dqg kdyh sdudooho rxwsxw sdwkv1 Wkh wuhqg whup lv lqfoxghg
wr hqvxuh wkh whvw uhvxow grhv qrw ghshqg rq wkh ydoxh ri k￿ +Hydqv dqg Vdylq/
4<;7,1 Zhvw +4<;:, dovr srlqwv rxw wkdw wkh DGI whvw lv lqfrqvlvwhqw li wkh surfhvv
:lv vwdwlrqdu| durxqg d wlph wuhqg dqg wkh wuhqg whup lv qrw lqfoxghg1 Lq idfw/ iru
wkh uhvxowv uhsruwhg lq wkh qh{w vhfwlrq/ wkh wuhqg whup lv dozd|v qrw vljqlfdqw1
Lw lv uhfrjql}hg wkdw wkh lqfoxvlrq ri vxfk d wuhqg whup zloo orzhu wkh srzhu ri wkh
whvw1 Krzhyhu/ dv rqh ri wkh vdihjxdugv djdlqvw plvohdglqj lqihuhqfhv/ zh fkrrvh
wr nhhs wkh wuhqg whup lq wkh uhjuhvvlrq dqg dffhsw d srzhu orvv1 Lqvwhdg/ wkh
pxowlyduldwh surfhgxuhv duh dgrswhg wr hqkdqfh wkh srzhu shuirupdqfh1
615 Pxowlyduldwh Xqlw Urrw Whvwv
Ryhu wkh sdvw ghfdgh/ vhyhudo vwdwlvwlfdo surfhgxuhv duh ghyhorshg wr whvw iru
xqlw urrwv lq d pxowlyduldwh vhwwlqj +Ohylq dqg Olq/ 4<<5/ 4<<6> Txdk/ 4<<7,1
Rqh srwhqwldo ehqhw ri xvlqj d pxowlyduldwh surfhgxuh lv wkh lqirupdwlrq jdlqhg
iurp srrolqj gdwd dfurvv glhuhqw vhulhv1 Wkh lqirupdwlrq jdlq fdq lpsuryh wkh
hvwlpdwlrq h!flhqf| dqg wkh srzhu ri wkh whvwlqj surfhgxuh1 Lq wkh iroorzlqj
vxevhfwlrqv/ zh ghvfuleh wkuhh uhfhqwo| dgydqfhg pxowlyduldwh xqlw urrw whvwv dqg
wkhlu vshfldo ihdwxuhv1
61514 Odjudqjh Pxowlsolhu Whvw
Lp hw do1 +4<<:, sursrvh d Odjudqjh pxowlsolhu +OP, vwdwlvwlf wr whvw iru wkh
suhvhqfh ri xqlw urrwv lq wkh pxowlyduldwh iudphzrun1 Wkh OP vwdwlvwlf lv edvhg
rq wkh dyhudjh ri lqglylgxdo OP vwdwlvwlfv iru whvwlqj K￿cf 'f / iru doo  @ 4/ 111/ 1
Vshflfdoo|/ uhzulwlqj E lq pdwul{0qrwdwlrq=
{f￿ ' K￿cff￿c3￿ n '￿￿ n 0￿
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Wkh vwdwlvwlf Ee/ xqghu frqglwlrqv jlyhq lq Lp hw do1 +4<<:,/ kdv dq dv|ps0
wrwlf vwdqgdug qrupdo glvwulexwlrq xqghu wkh qxoo k|srwkhvlv wkdw K￿cf 'f / iru doo
 ' cc1 Wkh frqglwlrq wkdw K￿cf 'firu doo  ' cc lpsolhv wkhuh lv qr
frqyhujhqfh ehwzhhq dq| sdlu ri frxqwulhv1 Frpsduhg zlwk vrph suhylrxv surfh0
gxuhv +Ohylq dqg Olq/ 4<<5/ 4<<6> Txdk 4<<7,/ wkh OP whvw doorzv d kljkhu ghjuhh
ri khwhurjhqhlw| lq wkh furvv0vhfwlrqdo gdwd1 Iru lqvwdqfh/ wkh ohqjwk sdudphwhu
R￿ fdq ydu| dfurvv lqglylgxdo vhulhv1 Dovr/ wkh furvv0vhfwlrqdo fruuhodwlrq lqgxfhg
e| d frpprq wlph hhfw fdq eh kdqgohg xvlqj furvv0vhfwlrqdoo| ghphdqhg gdwd1
61515 Pxowlyduldwh DGI Whvw
Vduqr dqg Wd|oru +4<<;, dqg Wd|oru dqg Vduqr EbbH sursrvh d pxowlyduldwh yhu0
vlrq ri wkh DGI +PDGI, whvw1 Wr lpsohphqw wkh whvw/ E lv hvwlpdwhg dv d v|vwhp
ri  htxdwlrqv xvlqj wkh ihdvleoh jhqhudol}hg ohdvw vtxduhv +IJOV, whfkqltxh dqg
wkh vwdqgdug Zdog whvw vwdwlvwlf lv xvhg wr hydoxdwh wkh mrlqw k|srwkhvlv
Mf G K￿cf ' K2cf '  ' K￿cf 'f 
Djdlq/ wkh fdvh ri qr frqyhujhqfh ehwzhhq dq| sdlu ri frxqwulhv lv wkh qxoo k|0
srwkhvlv1 Wkh PDGI whvw doorzv iru glhuhqw odj sdudphwhuv lq lqglylgxdo vhulhv1
Frpsduhg zlwk wkh Lp hw do1 OP whvw/ wkh PDGI whvw kdv d pruh  h{leoh vwuxf0
wxuh wr dffrpprgdwh furvv0vhfwlrqdo fruuhodwlrq1 Wd|oru dqg Vduqr +4<<;, vkrz
wkdw/ xvlqj wkh Prqwh Fduor phwkrg/ wkh PDGI whvw kdv ehwwhu srzhu surshuwlhv
wkdq wkh xqlyduldwh DGI surfhgxuh1
<61516 Pxowlyduldwh Whvw iru d Xqlw Urrw lq Lqglylgxdo Vhulhv
Wkh OP dqg PDGI whvwv glvfxvvhg lq wkh suhylrxv vxevhfwlrqv dfklhyh srzhu
lpsuryhphqw e| h{sorlwlqj wkh pxowlyduldwh qdwxuh ri wkh v|vwhp1 Krzhyhu/ wkh
pxowlyduldwh whvw uhvxowv vkrxog eh lqwhusuhwhg zlwk fdxwlrq1 Wkh mrlqw k|srwkh0
vlv ri doo frxqwu| sdluv gr qrw frqyhujh lv lqydolgdwhg li rqh ru pruh shu fdslwd
rxwsxw glhuhqwldo vhulhv glvsod| frqyhujhqfh1 Wkxv/ zkhq wkh qxoo k|srwkhvlv lv
uhmhfwhg/ zh gr qrw nqrz li frqyhujhqfh h{lvwv lq vrph ru doo wkh frxqwulhv xqghu
frqvlghudwlrq1 Wkh srvvlelolw| wkdw frxqwulhv pd| frqyhujh wr glhuhqw jurzwk
udwhv lv frqvlvwhqw zlwk wkh qrwlrq ri frqyhujhqfh foxev uhsruwhg lq/ iru h{dpsoh/
Ehq0Gdylg +4<<7,/ Txdk +4<<:,/ Hydqv +4<<;,/ dqg Gxuodxi dqg Txdk +4<<<,1
Euhxhu hw do1 Ebbb ghylvh d pxowlyduldwh surfhgxuh wr whvw iru d xqlw urrw lq dq
lqglylgxdo vhulhv1 Wkh surfhgxuh frqvwuxfwv wkh whvw vwdwlvwlfv zlwklq d pxowlyduldwh
iudphzrun exw hydoxdwhv wkh xqlw urrw surshuw| vhulhv e| vhulhv1 Lq grlqj vr/ wkh
surfhgxuh h{sorlwv lqirupdwlrq hpehgghg lq wkh v|vwhp dqg |lhogv hylghqfh rq
zklfk phpehu ri wkh v|vwhp lv vwdwlrqdulw|2qrqvwdwlrqdu|1 Wkh IJOV phwkrg lv
xvhg wr hvwlpdwh wkh v|vwhp ri  htxdwlrqv dqg wkh qxoo k|srwkhvlv
Mf G K￿cf 'f/+ 8 ,
lv h{dplqhg lqglylgxdoo| iru  @ 4/ 111/ 1 Dv wkh vwdwlvwlfv duh hvwlpdwhg zlwklq d
v|vwhp/ lw lv qrw dssursuldwh wr xvh wkh vwdqgdug DGI fulwlfdo ydoxhv wr dssudlvh
wkhlu vljqlfdqfh1 Euhxhu hw do1 +4<<<, uhfrpphqg wkh xvh ri vdpsoh0vshflf
fulwlfdo ydoxhv wr frqgxfw wkh vwdwlvwlfdo lqihuhqfh1
616 Pxowlyduldwh Vwdwlrqdulw| Whvwv
Wkh whvwv suhvhqwhg lq wkh suhylrxv vxevhfwlrqv kdyh qrqvwdwlrqdulw|> wkdw lv/
qr frqyhujhqfh/ dv wkh qxoo k|srwkhvlv1 Li wkhvh whvwv kdyh orz srzhu/ wkhq wkh
qr0frqyhujhqfh uhvxow zloo eh huurqhrxvo| hvwdeolvkhg1 Uhfhqwo|/ Fkrl dqg Dkq
EbbH ghyhors d pxowlyduldwh whvw iru vwdwlrqdulw| djdlqvw qrqvwdwlrqdu| dowhuqd0
43wlyhv1 Wkhlu surfhgxuhv duh vhpl0qrqsdudphwulf dqg gr qrw uhtxluh lqirupdwlrq
rq wkh sdudphwulf DUPD vwuxfwxuh ri wkh gdwd1 Frpsduhg zlwk wkh pxowlyduldwh
xqlw urrw whvwv/ wkh Fkrl dqg Dkq whvw rhuv d glhuhqw shuvshfwlyh wr hydoxdwh
wkh rxwsxw frqyhujhqfh surshuw|1 Rqh vwdwlvwlf frqvlghuhg khuh lv d pxowlyduldwh
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zkhuh &E?*, lv d txdgudwlf vshfwudo nhuqho dqg , lv d edqgzlgwk sdudphwhu fdswxu0
lqj wkh vhuldo fruuhodwlrq lq wkh gdwd1 Lw lv nqrzq wkdw suhzklwhqlqj wkh gdwd zlwk d
orz0rughu DU uhjuhvvlrq |lhogv d pruh dffxudwh fryduldqfh hvwlpdwh1 Wkxv/ lq rxu
h{huflvh/ wkh fryduldqfh pdwul{ lv hvwlpdwhg e| wkh Dqguhzv dqg Prqdkdq Ebb2
suhzklwhqhg nhuqho hvwlpdwru/ zklfk dssolhv wkh Dqguhzv Ebb gdwd0ghshqghqw
phwkrg wr ghwhuplqh wkh edqgzlgwk sdudphwhu1 Iroorzlqj Fkrl dqg Dkq +4<<;,/
zh vhw , htxdo wr ?|i}ihdBEA*ff￿2Do zkhq wkh gdwd0ghshqghqw edqgzlgwk sd0
udphwhu lv juhdwhu wkdq A￿SD1L q w k l v h { h u f l v h / z h k d y h B @; /4 3 /d q g4 5 1 W k h
suhzklwhqlqj ri { 7| lv dffrpsolvkhg xvlqj d YDU+4, rshudwru dqg wkh owhuhg
gdwd/ lqvwhdg ri { 7|/ duh xvhg wr frqvwuxfw E?1
44Fkrl dqg Dkq +4<<;, vxjjhvw wkh VEGK vwdwlvwlf fdq eh fdofxodwhg xvlqj dq0
rwkhu wudqviruphg yduldeoh 7W














Zkhq  7| lv uhsodfhg e| 7W
| lq ES/ zh odeho wkh uhvxowlqj vwdwlvwlf VEGKW1 Erwk wkh
VEGK dqg VEGKW vwdwlvwlfv whvw wkh qxoo k|srwkhvlv ri doo lqglylgxdo vhulhv duh
vwdwlrqdu| djdlqvw wkh dowhuqdwlyh ri dw ohdvw rqh vhulhv lv qrqvwdwlrqdu|1 Wkdw lv/
xqghu wkh qxoo k|srwkhvlv rxwsxw gdwd iurp doo wkh frxqwulhv xqghu frqvlghudwlrq
frqyhujh vlpxowdqhrxvo|1 Xqghu wkh dowhuqdwlyh k|srwkhvlv/ frqyhujhqfh grhv qrw
krog iru dw ohdvw rqh frxqwu|1 Wkxv uhvxowv iurp wkh VEGK dqg VEGKW whvwv duh
frpsohphqwdu| wr wkrvh iurp wkh pxowlyduldwh xqlw urrw whvwv1
617 Vdpsoh0Vshflf Fulwlfdo Ydoxhv
Wkh qlwh0vdpsoh ehkdylru ri wkh pxowlyduldwh whvw vwdwlvwlfv fdq eh yhu| glhuhqw
iurp wkh rqh lpsolhg e| wkhlu dv|pswrwlf glvwulexwlrqv1 Wr plqlpl}h wkh qlwh0
vdpsoh hhfwv rq rxu hpslulfdo uhvxowv/ zh uho| rq vdpsoh0vshflf fulwlfdo ydoxhv
wr gudz vwdwlvwlfdo lqihuhqfhv1 Vlqfh erwk wkh qxoo k|srwkhvhv ri vwdwlrqdulw| dqg
qrq0vwdwlrqdulw| duh frqvlghuhg/ zh w dq DULPD dqg dq DUPD prgho wr hdfk
rxwsxw glhuhqwldo vhulhv1 Wkh prgho vshflfdwlrq lv ghwhuplqhg e| wkh lqirupd0
wlrq fulwhulrq1 Wkh hvwlpdwhg uhvlgxdov duh xvhg wr surgxfh wkh fryduldqfh pdwul{
ri wkh huuru whup1 Wkhvh sdudphwhu hvwlpdwhv/ wkhq/ ghqh wkh gdwd jhqhudwlqj
surfhvv1
Iru hdfk pxowlyduldwh xqlw urrw whvw/ d svhxgr0udqgrp vdpsoh   EA n ff
lv jhqhudwhg dffruglqj wr wkh hvwlpdwhg DULPD vshflfdwlrqv dqg fryduldqfh
pdwul{ xqghu wkh qxoo k|srwkhvlv1 Wkh uvw 433 revhuydwlrqv ri hdfk vhulhv duh
gursshg wr plqlpl}h wkh hhfw ri lqlwldo frqglwlrqv1 Wkh vdpsoh whvw vwdwlvwlf lv
wkhq fdofxodwhg1 Wkh vdpsoh0vshflf fulwlfdo ydoxhv iru wkh pxowlyduldwh vwdwlrqdu|
whvw duh jhqhudwhg lq d vlplodu idvklrq xvlqj wkh vwdwlrqdu| vshflfdwlrqv1 Doo wkh
45vdpsoh0vshflf fulwlfdo ydoxhv uhsruwhg ehorz duh edvhg rq 43/333 uhsolfdwlrqv lq
hdfk h{shulphqw1
7 Hpslulfdo uhvxowv
Wkh surfhgxuhv ghvfulehg lq wkh suhylrxv vhfwlrq duh xvhg/ wrjhwkhu zlwk wkh
fruuhvsrqglqj vdpsoh0vshflf fulwlfdo ydoxhv/ wr hydoxdwh wkh rxwsxw frqyhujhqfh
k|srwkhvlv1 Gdwd iurp wkh J: frxqwulhv duh xvhg dv wkh g|qdplfv ri wkhvh gdwd
duh olnho| wr eh fkdudfwhul}hg dv wlph0lqyduldqw/ zklfk lv d pdlqwdlqhg dvvxpswlrq
ri wkh wlph0vhulhv edvhg dssurdfk wr vwxg| rxwsxw frqyhujhqfh1
714 Wkh Vxpphuv dqg Khvwrq Gdwd Vhw= 4<8304<<5
Wkh rxwsxw gdwd iurp Shqq Zruog Wdeoh duh shukdsv wkh prvw zlgho| xvhg lq
hpslulfdo vwxglhv ri jurzwk dqg frqyhujhqfh1 Wkh fxuuhqw yhuvlrq/ Pdun 819/ lv
d uhylvhg dqg xsgdwhg yhuvlrq ri wkh suhfhglqj Pdun 8 +Vxpphuv dqg Khvwrq/
4<<4,1 Wkh dqqxdo gdwd rq JGS shu fdslwd lq uhdo whupv iurp wkh J: frxqwulhv
duh frqvlghuhg1 Sxufkdvlqj srzhu sdulw| frqglwlrqv duh lqfrusrudwhg lq wkh frp0
slodwlrq surfhvv wr pdnh wkhvh rxwsxw gdwd frpsdudeoh dfurvv frxqwulhv1 Wkh uhdo
vhulhv duh frpsxwhg xvlqj d fkdlq lqgh{ h{suhvvhg lq lqwhuqdwlrqdo sulfhv zlwk 4<;8
dv wkh edvh |hdu1 Wkh vdpsoh shulrg lv iurp 4<83 wr 4<<51 Ehiruh zh frqgxfw dq|
vwdwlvwlfdo whvwv/ zh vxewudfw wkh X1V1 uhdo shu fdslwd JGS gdwd iurp wkh rwkhu
J: frxqwulhv dqg fdoo wkh uhvxowlqj vhulhv rxwsxw glhuhqwldov iru frqyhqlhqfh1
71414 Xqlyduldwh Dqdo|vlv
Iluvw/ zh dsso| wkh DGI whvw wr wkh rxwsxw glhuhqwldov1 Wkh qxoo k|srwkhvlv ri
qrqvwdwlrqdulw| lv lqwhusuhwhg dv qr frqyhujhqfh zlwk uhvshfw wr wkh X1V1 gdwd1
Wkh uhvxowv/ suhvhqwhg lq Wdeoh 4/ vkrz olplwhg hylghqfh ri frqyhujhqfh1 Zlwk
wkh h{fhswlrq ri wkh Jhupdq rxwsxw glhuhqwldo vhulhv/ wkh qxoo k|srwkhvlv ri qrq0
46vwdwlrqdulw| lv qrw uhmhfwhg1 Wkh qr0frqyhujhqfh uhvxow lv vlplodu wr wkrvh uhsruwhg
lq hduolhu vwxglhv dgrswlqj wkh wlph0vhulhv dssurdfk +Ehuqdug dqg Gxuodxi/ 4<<8>
Txdk/ 4<<5> Ol dqg Sdshoo/ 4<<<,1
Zkloh wkh xqlyduldwh DGI whvw grhv qrw rhu srvlwlyh hylghqfh rq frqyhujhqfh/
wkh xqlyduldwh dqdo|vlv surylghv wzr xvhixo slhfhv ri lqirupdwlrq derxw rxwsxw g|0
qdplfv1 Iluvw/ lqglylgxdo rxwsxw glhuhqwldo vhulhv whqg wr kdyh glvvlplodu odj
vwuxfwxuhv1 Vhfrqg/ wkhuh lv frqvlghudeoh frpryhphqw dprqj wkh rxwsxw glhu0
hqwldo vhulhv dv lqglfdwhg e| wkh fruuhodwlrq ri uhvlgxdov iurp wkh lqglylgxdo ohdvw
vtxduhv hvwlpdwlrq ri E1 Wkh Fdqdgldq rxwsxw glhuhqwldo vhulhv kdv wkh orzhvw
ohyho ri frpryhphqw zlwk rwkhuv 0 wkh fruuhodwlrq frh!flhqwv ehwzhhq wkh Fdqd0
gldq dqg rwkhu qdwlrqdo vhulhv ydu| iurp 03135 +Fdqdgd0X1N1, wr 315: +Fdqdgd0
Iudqfh,1 Iru wkh rwkhu rxwsxw glhuhqwldo vhulhv/ wkh fruuhodwlrq frh!flhqwv ri wkh
hvwlpdwhg uhvlgxdov duh xvxdoo| srvlwlyh dqg odujh1 Lq idfw/ wkh uhvlgxdo fruuhodwlrq
frh!flhqwv udqjh iurp 3174 +Lwdo|0X1N1, wr 31:9 +Iudqfh0Lwdo|,1
Erwk wkh khwhurjhqrxv odj vwuxfwxuh dqg wkh fruuhodwlrq ehwzhhq vhulhv kdyh
lpsolfdwlrqv iru pxowlyduldwh whvwv1 Iru lqvwdqfh/ li khwhurjhqrxv odj vwuxfwxuh
dqg furvv0htxdwlrq fruuhodwlrq duh qrw surshuo| dffrxqwhg iru/ wkh| kdyh qrq0
wulyldo hhfwv rq wkh vl}h dqg srzhu ri pxowlyduldwh whvwv +R*Frqqhoo/ 4<<;> Sdshoo
dqg Wkhrgrulglv/ 5333> Wd|oru dqg Vduqr/ 4<<;,1 Wkxv/ wkh pxowlyduldwh uhvxowv
uhsruwhg lq wkh iroorzlqj duh doo edvhg rq wkh whvwv wkdw doorz iru erwk khwhurjhqrxv
odj vwuxfwxuh dqg furvv0htxdwlrq uhvlgxdo fruuhodwlrq1 Wkh hhfwv ri wkhvh wzr
idfwruv rq wkh whvw*v qlwh0vdpsoh shuirupdqfh duh dffrxqwhg iru xvlqj vdpsoh0
vshflf fulwlfdo ydoxhv1
71415 Pxowlyduldwh Dqdo|vlv
Wkh uhvxowv ri wkh Lp hw do1 pxowlyduldwh xqlw urrw whvw dqg wkh Wd|oru dqg Vduqr
PDGI whvw duh uhsruwhg lq Wdeoh 51 Wkh mrlqw qxoo ri qrq0vwdwlrqdulw| lv qrw
uhmhfwhg e| erwk whvwv1 Wkh Lp hw do1 vwdwlvwlf kdv d s0ydoxh ri 591:8(/ zklfk lv
47zhoo deryh wkh xvxdo 8( ru 43( ohyhov1 Wkh PDGI vwdwlvwlf jlyhv dq hyhq kljkhu
s0ydoxh ri :7196( dqg fohduo| lqglfdwhv qr frqyhujhqfh dprqj wkh qdwlrqdo rxwsxw
gdwd1 Hyhq wkrxjk wkhvh wzr pxowlyduldwh surfhgxuhv kdyh ehwwhu srzhu wkdq wkh
xqlyduldwh DGI whvw/ wkh| gr qrw surylgh d pruh idyrudeoh hylghqfh ri rxwsxw
frqyhujhqfh1
Wd|oru dqg Vduqr +4<<;,/ iru h{dpsoh/ dooxgh wr wkh srvvlelolw| wkdw wkh suhv0
hqfh ri rqh vwdwlrqdu| vhulhv fdq ohdg wr wkh uhmhfwlrq ri wkh mrlqw k|srwkhvlv wkdw
doo wkh lqglylgxdo vhulhv duh qrqvwdwlrqdu|1 Wkdw lv/ uhmhfwlqj wkh mrlqw qxoo grhv
qrw whoo xv zkhwkhu doo ru vrph ri wkh hohphqwv ri wkh pxowlyduldwh v|vwhp duh
vwdwlrqdu|1 Krzhyhu/ wkh fxuuhqw h{huflvh looxvwudwhv wkh rwkhu srvvlelolw|1 Wkh
qrq0uhmhfwlrq ri wkh qxoo grhv qrw qhfhvvdulo| phdq doo wkh phpehu vhulhv duh qrq0
vwdwlrqdu|1 Gxh wr wkh odfn ri srzhu/ d pxowlyduldwh xqlw urrw whvw pd| glvjxlvh
wkh vwdwlrqdulw| ri d phpehu vhulhv1 Dv lqglfdwhg lq Wdeoh 4/ wkh Jhupdq rxwsxw
glhuhqwldo vhulhv lv vwdwlrqdu|1 Wkh pxowlyduldwh xqlw urrw whvwv/ qrqhwkhohvv/ gr
qrw uhmhfw wkh qxoo wkdw doo wkh vhulhv duh qrqvwdwlrqdu|1 Wkxv/ rqh vkrxog lqwhusuhw
wkhvh pxowlyduldwh whvw uhvxowv zlwk fdxwlrq1
Wr lqyhvwljdwh sdluzlvh rxwsxw frqyhujhqfh lq wkh pxowlyduldwh vhwwlqj zh xvhg
wkh Euhxhu hw do1 whvw1 Wkh uhvxowv duh jlyhq lq Wdeoh 6 dqg duh vlplodu wr wkrvh
edvhg rq wkh xqlyduldwh DGI whvwv1 Wkhuh lv rqo| hylghqfh ri frqyhujhqfh ehwzhhq
wkh Jhupdq dqg X1V1 rxwsxw gdwd dv wkh Jhupdq rxwsxw glhuhqwldo vhulhv lv
irxqg wr eh vwdwlrqdu|1 Iru wkh rwkhu frxqwulhv/ wkhuh lv qr vljq ri sdluzlvh
frqyhujhqfh zlwk wkh X1V1 rxwsxw1 Wkxv/ wkh srwhqwldo srzhu jdlq iurp xvlqj d
pxowlyduldwh iudphzrun grhv qrw |lhog vwurqjhu hylghqfh iru sdluzlvh frqyhujhqfh1
Frpsduhg zlwk wkh pxowlyduldwh whvwv/ wkh xqlyduldwh DGI vhhpv wr vwloo kdyh d
uroh lq vwxg|lqj sdluzlvh frqyhujhqfh1
Wkh whvw uhvxowv ghulyhg iurp erwk xqlyduldwh dqg pxowlyduldwh xqlw urrw whvwv
rhu olplwhg vxssruw iru wkh rxwsxw frqyhujhqfh k|srwkhvlv1 Krzhyhu/ lw lv srvvleoh
wkdw wkh qglqj ri qr frqyhujhqfh lv gxh wr wkh lqdelolw| ri wkh surfhgxuhv wr
uhmhfwlrq wkh qxoo k|srwkhvlv 0 hlwkhu ehfdxvh ri wkh orz srzhu ri wkh surfhgxuhv
48ru wkh xqlqirupdwlyh gdwd1 Wr vkhg oljkw rq vxfk d srvvlelolw|/ zh dsso| wkh Fkrl
dqg Dkq pxowlyduldwh vwdwlrqdulw| whvw wr wkh rxwsxw glhuhqwldo gdwd1 Iroorzlqj
Fkrl dqg Dkq +4<<<,/ zh vhw wkh odj wuxqfdwlrq sdudphwhu B wr ;/ 43/ dqg 451
Wdeoh 7 suhvhqwv wkh whvw uhvxowv1
Wkh vwdwlrqdulw| whvw uhvxowv duh lq vwdun frqwudvw zlwk wkh xqlw urrw whvw uhvxowv1
Erwk wkh VEGKW dqg VEGK vwdwlvwlfv gr qrw uhmhfw wkh qxoo k|srwkhvlv wkdw doo
wkh vhulhv duh vwdwlrqdu|1 Vshflfdoo|/ iru B @ 43/ wkh VEGKW vwdwlvwlf kdv d s0
ydoxh ri 6:19;( dqg wkh VEGK vwdwlvwlf kdv d s0ydoxh ri 78168( 0 erwk idlo wr
uhmhfw wkh mrlqw qxoo ri vwdwlrqdulw| hyhq dw wkh 43( ohyho1 Wkdw lv/ li wkh qxoo
k|srwkhvlv lv frqyhujhqfh h{lvwv vlpxowdqhrxvo| lq doo frxqwu| sdluv/ wkhq wkh
gdwd gr qrw frqwudglfw wkh qrwlrq ri rxwsxw frqyhujhqfh1
Jlyhq wkh xqlw urrw dqg vwdwlrqdulw| whvw uhvxowv/ zkdw fdq zh vd| derxw wkh
rxwsxw frqyhujhqfh k|srwkhvlvB Wkh lqihuhqfh lv glvfrqfhuwlqjo| ghshqghqw rq wkh
zd| wkh qxoo k|srwkhvlv lv vhw xs1 Zkloh wkh xqlw urrw whvwv gr qrw uhmhfw wkh qr0
frqyhujhqfh k|srwkhvlv/ d uhvxow wkdw lv frqvlvwhqw zlwk suhylrxv vwxglhv dgrswlqj
wkh wlph vhulhv dssurdfk/ wkh vwdwlrqdulw| whvwv uhyhdo wkh gdwd fdq eh vxssruwlyh
ri wkh frqyhujhqfh k|srwkhvlv1 Wkhuh lv rqh suredeoh lqwhusuhwdwlrq ri wkh qrq0
frqupdwru| uhvxowv1 Wkh lqirupdwlrq frqwhqw ri wkh rxwsxw glhuhqwldo gdwd lv
qrw vkdus hqrxjk iru wkh whvwlqj surfhgxuhv wr glvfulplqdwh ehwzhhq frqyhujhqfh
dqg qr frqyhujhqfh1
715 Wkh Pdgglvrq Gdwd Vhw= 4;;804<<7
Uhvxowv lq wkh suhylrxv vxevhfwlrq lqglfdwh wkdw wkh srvw0ZZLL gdwd pd| qrw
eh lqirupdwlyh hqrxjk wr |lhog dq xqhtxlyrfdo frqfoxvlrq rq rxwsxw frqyhujhqfh1
Rqh srvvleoh uhphg| lv wr hpsor| d pruh lqirupdwlyh gdwd vhw1 Pdgglvrq +4<<8,
surylghv dq dowhuqdwlyh gdwd vhw wr h{dplqh rxwsxw frqyhujhqfh1 Wkh gdwd vhw
lv dovr frpprqo| xvhg lq rxwsxw g|qdplfv dqdo|vlv +Ehuqdug dqg Gxuodxi/ 4<<8>
Hydqv 4<<;> Ol dqg Sdshoo/ 4<<<,1 Rqh dgydqwdjh ri wkh Pdgglvrq gdwd vhw lv wkdw/
49frpsduhg zlwk wkh Shqq Zruog Wdeoh/ lw fryhuv d orqjhu vdpsoh shulrg1 Wkh gdwd
duh frpsdudeoh dfurvv frxqwulhv dqg kdyh ehhq dgmxvwhg iru fkdqjhv lq qdwlrqdo
erxqgdulhv1 Djdlq/ wkh J: gdwd rq uhdo dqqxdo shu fdslwd rxwsxw glhuhqwldo vhulhv
duh h{dplqhg1 Wkh vdpsoh shulrg lv iurp 4;;8 wr 4<<71
Wkh uhvxow ri wkh xqlyduldwh dqg pxowlyduldwh xqlw urrw whvwv duh uhsruwhg lq
Wdeohv 8/ 9/ dqg :1 Djdlq wkh xqlyduldwh DGI whvw jlyhv olplwhg vxssruw iru frqyhu0
jhqfh1 Rqo| wkh Iuhqfk rxwsxw glhuhqwldo vhulhv uhmhfwv wkh xqlw urrw k|srwkhvlv
dw wkh 43( ohyho> lqglfdwlqj wkh X1V dqg Iuhqfk rxwsxw gdwd frqyhujh ryhu wlph1
Rwkhu frxqwu| sdluv vkrz qr vljqlfdqw hylghqfh ri frqyhujhqfh1
Wkh Lp hw do1 dqg Wd|oru dqg Vduqr pxowlyduldwh xqlw urrw whvwv/ rq wkh rwkhu
kdqg/ gholyhu d frpsohwho| glhuhqw slfwxuh +Wdeoh 9,1 Erwk whvwv frqylqflqjo|
uhmhfw wkh mrlqw qxoo ri qrq0vwdwlrqdulw|1 Wkxv/ wkh pxowlyduldwh xqlw0urrw whvwv
edvhg rq d orqj klvwrulfdo gdwd vhw surylgh vwurqj hylghqfh lq idyru ri frqyhujhqfh/
zklfk lv lq vkdus frqwudvw zlwk wkh uhvxowv iru wkh srvw0ZZLL gdwd1 Wkxv wkh
frpelqdwlrq ri d orqj gdwd vhulhv dqg h!flhqw pxowlyduldwh whvwv frqwulexwhv wr d
srvlwlyh uhvxow ri frqyhujhqfh1 Krzhyhu/ wkhuh lv vwloo d txhvwlrq ri zkhwkhu doo ru
mxvw vrph frxqwu| sdluv vkrz frqyhujhqfh1
Wkh Euhxhu hw do1 whvw uhvxowv vkrz wkdw wkh uhmhfwlrq ri wkh mrlqw qrq0vwdwlrqdu|
qxoo k|srwkhvlv grhv qrw qhfhvvdulo| phdq doo wkh rxwsxw glhuhqwldo vhulhv duh
vwdwlrqdu|1 Lq idfw/ wkhuh lv d glyhuvh sdwwhuq ri frqyhujhqfh ehkdylru dprqj
lqglylgxdo rxwsxw glhuhqwldo vhulhv ehklqg wkh uhmhfwlrq uhvxow iurp wkh Lp hw do1
dqg Wd|oru dqg Vduqr whvwv1 Wdeoh : lqglfdwhv wkdw wkhuh lv qr frqyhujhqfh ehwzhhq
wkh X1V1 dqg Mdsdqhvh rxwsxw vhulhv1 Djdlq/ wkh uhvxowv srlqw wr wkh srwhqwldo
dpeljxlw| lq lqwhusuhwlqj qglqjv iurp pxowlyduldwh xqlw urrw whvwv1 Zkloh wkh
Pdgglvrq gdwd vhw lv pruh idyrudeoh wr wkh frqyhujhqfh k|srwkhvlv/ wkhuh lv vwloo
d vljq ri glhuhqw vxejurxs rxwsxw ehkdylru dprqj wkh J: frxqwulhv1
Eurdgo| vshdnlqj/ wkh uhvxowv ri wkh Fkrl dqg Dkq whvwv uhsruwhg lq Wdeoh ;
frooderudwh wkh xqlw urrw whvw uhvxowv1 Iru wkh uhfrpphqghg B ydoxhv/ erwk wkh
VEGKW dqg VEGK vwdwlvwlfv idlo wr uhmhfw wkh qxoo ri vlpxowdqhrxv frqyhujhqfh
4:e h w z h h qw k hJ :f r x q w u l h v 1W k h v hu h v x o w vu h l q i r u f hw k r v hl qW d e o h v9d q g:d q gf r q 0
vwlwxwh vwurqj hylghqfh ri frqyhujhqfh1 Qhyhuwkhohvv/ jlyhq wkh Euhxhu hw do1 whvw
uhvxowv/ wkh qrq0uhmhfwlrq ri wkh mrlqw vwdwlrqdulw| qxoo dovr glvjxlvhv wkh srvvlelolw|
wkdw vrph vhulhv lq wkh v|vwhp duh qrq0vwdwlrqdu|1
716 Glvfxvvlrq
Zkhq wkh vdph vhw ri surfhgxuhv duh dssolhg wr wkh rxwsxw glhuhqwldo vhulhv iurp
Vxpphuv dqg Khvwrq +4<<4, dqg Pdgglvrq +4<<8,/ wkh| jhqhudwh glhuhqw lqihu0
hqfhv rq rxwsxw frqyhujhqfh1 Wkh glvfuhsdqf| lv olnho| gxh wr vdpsoh glhuhqfhv1
Dv wkh Pdgglvrq vdpsoh lv orqjhu wkdq wkh Vxpphuv dqg Khvwrq rqh/ wkh iruphu
frqwdlqv pruh lqirupdwlrq derxw rxwsxw g|qdplfv wkdq wkh odwwhu1 Wklv revhuyd0
wlrq lv frqvlvwhqw zlwk wkh qglqjv wkdw wkh Pdgglvrq vdpsoh rhuv pxfk pruh
suhflvh vwdwlvwlfdo hylghqfh ri frqyhujhqfh wkdq wkh Vxpphuv dqg Khvwrq gdwd
vhw1 Wkxv/ gdwd lqirupdwlrq/ zklfk kdv vljqlfdqw lpsolfdwlrqv iru glvfulplqdwlqj
dprqj glhuhqw w|shv ri rxwsxw frqyhujhqfh ehkdylru/ lv dq lpsruwdqw idfwru lq
vwxg|lqj wkh rxwsxw g|qdplfv1 Hpslulfdo vwxglhv rq rxwsxw frqyhujhqfh vkrxog
ehqhw iurp erwk wkh xvh ri d orqjhu vdpsoh shulrg dqg pruh h!flhqw pxowlyduldwh
surfhgxuhv1
Lw lv nqrzq wkdw wkh gdwd iurp Vxpphuv dqg Khvwrq +4<<4, dqg Pdgglvrq
+4<<8, duh frqvwuxfwhg glhuhqwo|1 Wkh glhuhqw zd|v wr frpsloh wkh gdwd fdq
lpsxwh glvvlplodu g|qdplfv lq wkh rxwsxw gdwd dqg ohdg wr glhuhqw frqyhujhqfh
uhvxowv1 Wr h{soruh wklv srvvlelolw|/ zh dsso| wkh vdph whvwv wr wkh Pdgglvrq
gdwd vhw iru wkh vdpsoh shulrg 4<8304<<5> wkdw lv/ wkh vdph shulrg fryhuhg e|
wkh Vxpphuv dqg Khvwrq gdwd vhw1 Wkh uhvxowv/ uhsruwhg lq wkh Dsshqgl{/ duh
txdolwdwlyho| wkh vdph dv wkrvh lq Wdeohv 4 wr 71 Djdlq/ wkh lqihuhqfh rq rxwsxw
frqyhujhqfh lq wkh vkruwhu vdpsoh shulrg ghshqgv fuxfldoo| rq zkhwkhu frqyhu0
jhqfh ru qr frqyhujhqfh lv wdnhq dv wkh qxoo k|srwkhvlv1 Wkxv/ wkh lqirupdwlrq
frqwhqw ri wkh gdwd/ udwkhu wkdq gdwd frqwudfwlrq phwkrg/ lv suredeo| wkh uhd0
4;vrq ehklqg wkh glvfuhsdqf| lq lqihuhqfhv rq rxwsxw frqyhujhqfh uhsruwhg lq wkh
suhylrxv vxevhfwlrqv1
8 Frqfoxglqj Uhpdunv
Wkh wlph0vhulhv iudphzrun lv xvhg wr h{dplqh li wkh gdwd rq uhdo shu fdslwd rxw0
sxw ri wkh J: frxqwulhv frqyhujh ryhu wlph1 Xqghu wkh wlph0vhulhv iudphzrun/ d
vwdwlrqdu| rxwsxw glhuhqwldo vhulhv lv lqwhusuhwhg dv hylghqfh ri frqyhujhqfh dqg
wkh suhvhqfh ri d xqlw urrw lq wkh vhulhv lv ylhzhg dv surri djdlqvw frqyhujhqfh1
Lq wklv h{huflvh/ zh dssurdfk wkh hpslulfdo lvvxh ri rxwsxw frqyhujhqfh iurp wzr
shuvshfwlyhv1 Iluvw zh frqvlghu qr frqyhujhqfh dv wkh qxoo k|srwkhvlv1 Lq wklv fdvh/
wkh k|srwkhvlv ri qr frqyhujhqfh hqmr|v wkh ehqhw ri grxew lq wkh vhqvh wkdw lwv
uhmhfwlrq uhtxluhv vrph vwurqj hylghqfh djdlqvw lw1 Vhfrqg/ zh dvvhvv wkh qxoo k|0
srwkhvlv ri frqyhujhqfh1 Wkh vwxg| ri furvv0frxqwu| rxwsxw g|qdplfv iurp erwk
ylhzsrlqwv jlyhv dq htxdo rssruwxqlw| iru erwk frqyhujhqfh dqg qr frqyhujhqfh
wr eh ydolgdwhg e| wkh gdwd dv wkh qxoo k|srwkhvlv1
Rxu hpslulfdo uhvxowv vxjjhvw wkdw wkh lqihuhqfh derxw rxwsxw frqyhujhqfh fdq
eh glfwdwhg e| wkh fkrlfh ri d qxoo k|srwkhvlv1 D frqfoxvlrq ri qr rxwsxw frq0
yhujhqfh fdq eh uhdfkhg mxvw ehfdxvh qr frqyhujhqfh lv frqvlghuhg dv wkh qxoo
k|srwkhvlv1 Ixuwkhu/ wkh qr0frqyhujhqfh uhvxow uhsruwhg lq suhylrxv vwxglhv sxu0
vxlqj wkh wlph0vhulhv ghqlwlrq pd| eh dwwulexwhg wr wkh orz srzhu ri wkh whvw
surfhgxuhv ehlqj xvhg1 Zlwk vkruw rxwsxw gdwd vhulhv ru xqlyduldwh xqlw urrw sur0
fhgxuhv/ wkhuh lv rqo| yhu| olplwhg vxssruw iru wkh frqyhujhqfh k|srwkhvlv1 Rq wkh
rwkhu kdqg/ d frpelqdwlrq ri orqj vdpsoh dqg h!flhqw pxowlyduldwh surfhgxuhv
gholyhuv d pruh idyrudeoh uhvxow iru wkh vdph k|srwkhvlv1
Lq dgglwlrq wr wkh lvvxh ri rxwsxw frqyhujhqfh/ wkh hpslulfdo h{huflvh udlvhv d
ihz lqwhuhvwlqj revhuydwlrqv1 Iru h{dpsoh/ wkh uhvxowv iurp d w|slfdo pxowlyduldwh
xqlw urrw ru vwdwlrqdulw| whvw kdyh wr eh lqwhusuhwhg zlwk fdxwlrq1 D qrq0uhmhfwlrq
ri d mrlqw qrq0vwdwlrqdulw| +vwdwlrqdulw|, qxoo lv qrw d vlqh txd qrq iru doo wkh vhulhv
4<wr eh qrq0vwdwlrqdu| +vwdwlrqdu|,1 Vlploduo|/ wkh vwdwlrqdulw| +qrq0vwdwlrqdulw|, ri
d vxevhw ri vhulhv fdq ohdg wr wkh uhmhfwlrq ri d mrlqw qrq0vwdwlrqdulw| +vwdwlrqdu0
lw|, qxoo k|srwkhvlv1 Vshflf pxowlyduldwh surfhgxuhv kdyh wr eh lpsohphqwhg wr
lghqwli| wkh vwdwlrqdulw| surshuw| ri lqglylgxdo vhulhv1
Dqrwkhu lvvxh lv uhodwhg wr wkh suhvhqfh ri frqyhujhqfh foxev +Txdk/ 4<<:>
Hydqv/ 4<<;,1 Wkh fkrlfh ri wkh J: frxqwulhv vkrxog pdnh rxu vdpsoh forvh wr
wkh uhtxluhphqw wkdw wkh xqghuo|lqj gdwd jhqhudwlqj surfhvv lv wlph0lqyduldqw1
Lq wkh wzr gdwd vdpsohv h{dplqhg/ wkhuh duh vljqv wkdw glhuhqw frxqwu| sdluv
kdyh glyhuvh frqyhujhqfh sdwwhuqv1 Hyhq dprqj wkh J: jurxs/ wkh frqyhujhqfh
lq rxwsxw grhv qrw rffxu vlpxowdqhrxvo| dfurvv doo wkh frxqwulhv1 Wkh uhvxow
ohqgv frqvlghudeoh vxssruw wr wkh qrwlrq ri frqyhujhqfh foxev lq zklfk phpehu
frxqwulhv frqyhujh wr d foxe0vshflf vwhdg| vwdwh1 Wkxv/ hpslulfdo vwxglhv ri
rxwsxw frqyhujhqfh vkrxog doorz iru wkh suhvhqfh ri frqyhujhqfh foxev1
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Vwdwlvwlfv :<= 54<05581
Hydqv S1 4<<;1 Xvlqj sdqho gdwd wr hydoxdwh jurzwk wkhrulhv1 Lqwhuqdwlrqdo
Hfrqrplf Uhylhz 6<= 5<806391
Kvldr F1 4<;91 Dqdo|vlv ri Sdqho Gdwd1 Hfrqrphwulf Vrflhw| prqrjudsk 44/
Fdpeulgjh Xqlyhuvlw| Suhvv1
Jurvvpdq JP/ Khospdq H1 4<<41 Lqqrydwlrq dqg Jurzwk lq wkh Joredo
Hfrqrp|1 Wkh PLW Suhvv/ Fdpeulgjh/ PD1 Fkdswhuv 607= 7604441
Lp NV/ Shvdudq PK/ Vklq \1 4<<:1 Whvwlqj iru xqlw urrwv lq khwhurjhqhrxv
sdqhov1 Plphr1
54Ohylq D/ Olq F0I1 4<<51 Xqlw urrw lq sdqho gdwd= dv|pswrwlf dqg qlwh0
vdpsoh surshuwlhv1 Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr Zrunlqj Sdshu <50961
Ohylq D/ Olq F0I1 4<<61 Xqlw urrw whvwv lq sdqho gdwd = qhz uhvxowv1 Xqlyhu0
vlw| ri Fdoliruqld/ Vdq Glhjr Zrunlqj Sdshu <60891
Ol T/ Sdshoo G1 4<<<1 Frqyhujhqfh ri lqwhuqdwlrqdo rxwsxw= Wlph vhulhv
hylghqfh iru 49 RHFG frxqwulhv1 Lqwhuqdwlrqdo Uhylhz ri Hfrqrplfv dqg
Ilqdqfh ;= 59:05;31
Pdgglvrq D1 4<<81 Prqlwrulqj wkh Zruog Hfrqrp|/ 4;5304<<5/R H F G /
Zdvklqjwrq/ GF1
Pdqnlz J/ Urphu G/ Zhlo G1 4<<51 D frqwulexwlrq wr wkh hpslulfv ri hfr0
qrplf jurzwk1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:= 73:076:1
R*Frqqhoo S1 4<<;1 Wkh ryhuydoxdwlrq ri sxufkdvlqj srzhu sdulw|1 Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv 77=4 0 4 < 1
Sdshoo G/ Wkhrgrulglv K1 53331 Wkh fkrlfh ri qxphudluh fxuuhqf| lq sdqho
whvwv ri sxufkdvlqj srzhu sdulw|1 Iruwkfrplqj lq Mrxuqdo ri Prqh|/ Fuhglw/
dqg Edqnlqj1
Txdk G1 4<<51 Lqwhuqdwlrqdo sdwwhuqv ri jurzwk= L1 Shuvlvwhqfh lq furvv0
frxqwu| glvsdulwlhv1 OVH Zrunlqj Sdshu/ Rfwrehu1
Txdk G1 4<<61 Jdowrq*v idoodf| dqg whvwv ri wkh frqyhujhqfh k|srwkhvlv1 Wkh
Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <8= 75:07761
Txdk G1 4<<71 H{sorlwlqj furvv0vhfwlrq yduldwlrqv iru xqlw urrw lqihuhqfh lq
g|qdplf gdwd1 Hfrqrplf Ohwwhuv 77= <04<1
Txdk G1 4<<:1 Hpslulfv iru jurzwk dqg glvwulexwlrq= Vwudwlfdwlrq/ srodu0
l}dwlrq/ dqg frqyhujhqfh foxev1M r x u q d or iH f r q r p l fJ u r z w k5 = 5:08<1
Urphu S1 4<<31 Hqgrjhqrxv whfkqlfdo fkdqjh1 Mrxuqdo ri Srolwlfdo Hfrqrp|
<;=: 4 0 4 3 5 1
Vdujdq MG/ Ekdujdyd D1 4<;61 Whvwlqj iru uhvlgxdov iurp ohdvw vtxduhv uh0
juhvvlrq iru ehlqj jhqhudwhg e| wkh Jdxvvldq udqgrp zdon1 Hfrqrphwulfd
84= 48604:71
Vduqr O/ Wd|oru P1 4<<;1 Uhdo h{fkdqjh udwhv xqghu wkh uhfhqw  rdw= xq0
htxlyrfdo hylghqfh ri phdq uhyhuvlrq1 Hfrqrplfv Ohwwhuv 93= 464046:1
Vrorz UP1 4<891 D frqwulexwlrq wr wkh wkhru| ri hfrqrplf jurzwk1 Txduwhuo|
Mrxuqdo ri Hfrqrplfv :3= 980<71
55Vw Dxe|q P1 4<<<1 Frqyhujhqfh dfurvv lqgxvwuldolvhg frxqwulhv +4<;304<;<,=
Qhz uhvxowv xvlqj wlph vhulhv phwkrgv1 Hpslulfdo Hfrqrplfv 57= 560771
Vxpphuv U/ Khvwrq D1 4<<41 Shqq Zruog Wdeoh +Pdun 8,= Dq h{sdqghg vhw
ri lqwhuqdwlrqdo frpsdulvrqv/ 4<8804<;;1 Txduwhuo| Mrxuqdo ri Hfrqrplfv
439= 65:069;1
Vzdq W1 4<891 Hfrqrplf jurzwk dqg fdslwdo dffxpxodwlrq1 Hfrqrplf Uhfrug
65= 66706941
Wd|oru P/ Vduqr O1 4<<;1 Wkh ehkdylru ri uhdo h{fkdqjh udwhv gxulqj wkh
srvw0Euhwwrq Zrrgv shulrg1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 79=5 ; 4 0
6451
Zhvw/ NG1 4<;:1 D qrwh rq wkh srzhu ri ohdvw vtxduhv whvwv iru d xqlw urrw1
Hfrqrplfv Ohwwhuv 57= 57<05851
56Wdeoh 4= Xqlyduldwh DGI whvw +Shqq Zruog Wdeoh,
Frxqwu| vwdwlvwlf 4( 8( 43(
Fdqdgd 0419735 0714:4< 061837; 0614:<5
Iudqfh 0415<;: 0714<7; 0618586 0614<;;
Jhupdq| +0713584,WW 0714:4< 061837; 0614:<5
Lwdo| 041;748 0714<7; 0618586 0614<;;
Mdsdq 041764; 07146;4 061799: 0614737
Xqlwhg Nlqjgrp 0518;77 07146;4 061799: 0614737
Qrwh= Fulwlfdo ydoxhv iurp Fkhxqj dqg Odl +4<<8, duh xvhg1
+, WW lqglfdwhv vljql￿fdqfh dw wkh 8( ohyho1
Wdeoh 5= Pxowlyduldwh xqlw urrw whvwv iru wkh mrlqw qxoo ri qr
vwdwlrqdulw| Mf G K￿cf ' K2cf '  ' K￿cf 'f+Shqq Zruog Wdeoh,
whvw vwdwlvwlf s0ydoxh 4( 8( 43(
LSV 8193<: 3159:8 :1<<;; :13657 917<;6
PDGI 56197<5 31:796 8:17;64 7;15889 7619<:9
Qrwh= Wkh Lp hw do1 dqg Wd|oru dqg Vduqr pxowlyduldwh xqlw urrw
whvwv duh jlyhq lq urzv odehoohg LSV dqg PDGI1 Wkh s0ydoxhv dqg
wkh 4(/ 8(/ dqg 43( vdpsoh0vshfl￿f fulwlfdo ydoxhv duh frpsxwhg
iurp 43/333 Prqwh Fduor vlpxodwlrqv1
57Wdeoh 6= Lqglylgxdo xqlw urrw whvw xvlqj sdqho hvwlpdwlrq/ Mf G K￿cf 'f c
+Shqq Zruog Wdeoh,
Frxqwu| vwdwlvwlf s0ydoxh 4( 8( 43(
Fdqdgd 0416;;< 31;957 0719986 061<:;; 0619465
Iudqfh 041:;54 31:;8< 071<55< 0713<:: 061:555
Jhupdq| 08177:5 31334< 0719<:: 061<:9; 0618;;<
Lwdo| 051;63; 31689: 071;7<8 0713687 0619;66
Mdsdq 0417::8 31;345 071;35< 061<;:9 061933;
Xqlwhg Nlqjgrp 051<94: 315965 071:;34 07134;9 06194;:
Qrwh= Uhvxowv ri wkh Euhxhu hw do1 whvw/ zklfk lqyhvwljdwhv sdluzlvh rxwsxw
frqyhujhqfh lq wkh pxowlyduldwh vhwwlqj/ duh uhsruwhg1 Wkh s0ydoxhv dqg wkh
4(/ 8(/ dqg 43( vdpsoh0vshfl￿f fulwlfdo ydoxhv duh frpsxwhg iurp 43/333
Prqwh Fduor vlpxodwlrqv1
Wdeoh 7= Pxowlyduldwh whvwv iru wkh mrlqw qxoo ri vwdwlrqdulw|
+Shqq Zruog Wdeoh,
whvw vwdwlvwlf B s0ydoxh 4( 8( 43(
VEGKW 413<47 ; 317343 <135<5 51:<:9 41<85<
VEGK 4163:8 ; 316<7; 4514:73 616444 5163<3
VEGKW 419934 43 316:9; 6<186<9 ;135<5 7176<6
VEGK 419488 43 317868 741;3;: ;17695 71;<6;
VEGKW 4198:9 45 316779 731<9:3 <14948 71;;;;
VEGK 41:545 45 316;:5 7714985 431466< 818547
Qrwh= Wkh Fkrl dqg Dkq pxowlyduldwh vwdwlrqdulw| whvwv duh jlyhq1 Wkh
s0ydoxhv dqg wkh 4(/ 8(/ dqg 43( vdpsoh0vshfl￿f fulwlfdo ydoxhv duh
frpsxwhg iurp 43/333 Prqwh Fduor vlpxodwlrqv1
58Wdeoh 8= Xqlyduldwh DGI whvw +Pdgglvrq gdwd,
Frxqwu| odj vwdwlvwlf 4( 8( 43(
Fdqdgd 5 051<977 071356< 06176:: 0614747
Iudqfh 5 +0616473,W 071356< 06176:: 0614747
Jhupdq| 7 051:967 0713363 0617534 0614585
Lwdo| 5 051::98 071356< 06176:: 0614747
Mdsdq 4 0417:7: 0713684 0617799 06147<7
Xqlwhg Nlqjgrp 4 0517<7< 0713684 0617799 06147<7
Qrwh= vhh wkh qrwh wr Wdeoh 41
+, W lqglfdwhv vljql￿fdqfh dw wkh 43( ohyho1
Wdeoh 9= Pxowlyduldwh xqlw urrw whvwv iru wkh mrlqw qxoo ri qr
vwdwlrqdulw|/ Mf G K￿cf ' K2cf '  ' K￿cf 'f+Pdgglvrq gdwd,
whvw vwdwlvwlf s0ydoxh 4( 8( 43(
LSV <16839 31336< ;18883 :16:58 91:977
PDGI 7;139<3 31378: 8819;36 7:1964< 7615::5
Qrwh= vhh wkh qrwh wr Wdeoh 51
Wdeoh := Lqglylgxdo xqlw urrw whvw xvlqj sdqho hvwlpdwlrq/ Mf G K￿cf 'f
+Pdgglvrq gdwd,1
Frxqwu| vwdwlvwlf s0ydoxh 4( 8( 43(
Fdqdgd 07165<< 313434 0716734 0619:54 061695<
Iudqfh 081974; 313338 0716::8 061:958 0617565
Jhupdq| 06168;: 313<5< 0716734 0619734 06164:7
Lwdo| 071<9<6 313357 0716<;5 061:;:6 0617847
Mdsdq 0519683 316594 0716<97 0619::; 061667;
Xqlwhg Nlqjgrp 06195;8 313885 0716;45 0619:94 0616834
Qrwh= vhh wkh qrwh wr Wdeoh 61
59Wdeoh ;= Pxowlyduldwh whvwv iru wkh mrlqw qxoo ri vwdwlrqdulw|
+Pdgglvrq gdwd,
whvw vwdwlvwlf B s0ydoxh 4( 8( 43(
VEGKW 3194695 43 313985 513:45 319:<: 31884:
VEGK 31:65;< 43 3143<7 614;<5 413538 31:838
VEGKW 3194:83 45 3147:< 613343 31<356 319<84
VEGK 31:6859 45 31535; 61;357 4155:3 31<369
VEGKW 319765; 47 316336 815<54 4185:3 413499
VEGK 31:8898 47 316853 915989 41;6<6 415678
Qrwh= vhh wkh qrwh wr Wdeoh 71
5:Dsshqgl{= Uhvxowv iru wkh 4<8304<<5 Pdgglvrq gdwd vhw
Wdeoh D4= Xqlyduldwh DGI whvw
Frxqwu| vwdwlvwlf 4( 8( 43(
Fdqdgd 0519;74 0714<7; 0618586 0614<;;
Iudqfh 0414754 0714<7; 0618586 0614<;;
Jhupdq| +07148<6,WW 0714:4< 061837; 0614:<5
Lwdo| 04198:< 0714<7; 0618586 0614<;;
Mdsdq 04165:< 0714:4< 061837; 0614:<5
Xqlwhg Nlqjgrp +06165:4,W 07146;4 061799: 0614737
Qrwh= vhh wkh qrwh wr Wdeoh 41
Wdeoh D5= Pxowlyduldwh xqlw urrw whvwv iru wkh mrlqw qxoo ri
qrq0vwdwlrqdulw|/ Mf G K￿cf ' K2cf '  ' K￿cf 'f
whvw vwdwlvwlf s0ydoxh 4( 8( 43(
LSV 816:46 3165<7 ;14435 :13:75 91866<
PDGI 471:94 31<:79 8;1<66: 7;1;737 7719749
Qrwh= vhh wkh qrwh wr Wdeoh 51
Wdeoh D6= Lqglylgxdo xqlw urrw whvw xvlqj sdqho hvwlpdwlrq/ Mf G K￿cf 'f
Frxqwu| vwdwlvwlf s0ydoxh 4( 8( 43(
Fdqdgd 041:34< 31::;3 071;6<< 07134;; 06195<7
Iudqfh 031<67; 31<947 071<464 0714895 061::68
Jhupdq| 0819;;9 313348 071;9;9 0713986 0619:98
Lwdo| 0518;<6 317;3; 071;<43 07148;; 061:;:4
Mdsdq 0415394 31<393 071;::; 0713:6; 0619<<7
Xqlwhg Nlqjgrp 051<57< 3159;: 071:776 061<6:; 0618:36
Qrwh= vhh wkh qrwh wr Wdeoh 61
5;Wdeoh D7= Pxowlyduldwh whvwv iru wkh mrlqw qxoo ri vwdwlrqdulw|
whvw vwdwlvwlf B s0ydoxh 4( 8( 43(
VEGKW 4144:9 ; 31733: 431;;34 613844 514694
VEGK 41978: ; 31568: 4414;<9 616<6< 517349
VEGKW 413978 43 31853< 7414795 ;1<<88 71:538
VEGK 515:43 43 315;4< 7:13;<< <15839 71<659
VEGKW 413;35 45 317657 7316;75 <1::8: 71<:;4
VEGK 5137<< 45 316487 76148<5 4313778 817;;:
Qrwh= vhh wkh qrwh wr Wdeoh 71
5<